Background and Purpose-Several epidemiological studies have established an association between chronic kidney disease (CKD), based on estimated glomerular filtration rate (GFR), and risk of stroke. However, sex-specific evidence for the relationship between CKD and risk of stroke and its subtypes is still limited. Methods-We conducted a prospective cohort study of 12 222 Japanese men and women age 40 to 69 years living in 4 communities under systematic surveillance of stroke incidence to determine the relationship between CKD and risk of stroke and its subtypes. Results-During the 17-year follow-up, there were 566 strokes (327 ischemic and 186 hemorrhagic strokes). GFR was inversely associated with age-and community-adjusted risk of total stroke for both men and women. Compared with the reference group without CKD (GFR Ն60 mL/min per 1.73m 2 ), the adjusted risks of total stroke for subjects with CKD (GFR Ͻ60 mL/min per 1.73m
D
uring the last few decades, clinical and epidemiological studies have indicated that lower glomerular filtration rate (GFR), a marker of chronic kidney disease (CKD), is associated with risk of stroke. [1] [2] [3] [4] [5] [6] The Rotterdam study had a 10.2-year follow-up for 4937 men and women age Ն55 years, and it indicated that a reduction in GFR as estimated with the Cockcroft-Gault equation was a strong risk factor for hemorrhagic, but not for ischemic stroke. 2 The Suita study of 5494 men and women age 30 to 79 years showed that CKD was a significant risk for total and ischemic stroke, but this study did not deal with hemorrhagic stroke. 6 However, none of those studies conducted a sex-specific analysis. The Hisayama study, which followed up 2634 men and women age Ն40 years, reported that women with CKD, defined as GFR Ͻ60 mL/min per 1.73m 2 with the Modification of Diet in Renal Disease method, were at double the risk of ischemic stroke compared with those without CKD; even so, this association was observed only for women. 3 Therefore, sexspecific evidence for the relationships between CKD and risk of stroke and its subtypes has remained limited.
We therefore examined this relationship among middleaged men and women in a large, community-based, prospective study.
Methods

Subjects
The Circulatory Risk in Communities Study (CIRCS) is a prospective community-based study that was launched to prevent cardiovas-cular disease in Japanese populations. [7] [8] [9] The population surveyed included 4822 men and 7400 women age 40 to 69 years. Residents in the northeastern rural community of Ikawa and in the southwestern rural community of Noichi participated in this study between 1985 and 1990 ; those in the central rural community of Kyowa between 1985 and 1991; and those in the southwestern suburb of Yao between 1985 and 1994. Those whose serum data (89 men; 103 women) and/or alcohol consumption data (10 men; 16 women) were not available, or those with a history of stroke or coronary heart disease (154 men; 70 women), were excluded. The remaining 11 780 persons (4569 men; 7211 women) were followed up until the end of 2004 for Kyowa and Noichi, and until the end of 2007 for Ikawa and Yao, to determine incidence of stroke. The 671 persons (204 men; 467 women) who moved out of their respective communities during follow-up and 1451 persons (845 men; 606 women) who died were censored at the date of moving out or date of death. Median follow-up time was 17.1 years.
Baseline Examination
Details of the risk-factor survey have been described elsewhere. 9 Briefly, height in stocking feet and weight in light clothing were measured, and body mass index was calculated as weight divided by height (in kg/m 2 ). GFR was estimated by using the established method with 3 variations recently proposed by a working group of the Japanese Chronic Kidney Disease initiative. 10 According to this adaptation, GFR (ml/min per 1. ϫ(0.739 for women). Serum creatinine was assayed with the non-compensated kinetic Jaffe method, which was recently replaced with enzymatic methods. Because creatinine values established with the Jaffe method were approximately 0.2 mg/dL higher those established with the enzymatic method caused by the presence of creatinine chromogens in the sample, 11, 12 we calculated our serum data in accordance with the enzymatic method. The serum creatinine (enzymatic method)ϭserum creatinine (Jaffe method) Ϫ0.2 mg/dL. CKD was defined as GFR Ͻ60 mL/min per 1.73m 2 in accordance with the National Kidney Foundation Kidney Disease Outcomes Quality Initiative guidelines. 12 Systolic and fifth-phase diastolic blood pressures in the right arm were measured by trained technicians using a standard mercury sphygmomanometer. The participants were seated and had rested for 5 minutes before the measurements. Trained interviewers obtained information regarding family history of stroke; smoking status; use of antihypertensive agents; medical histories; and usual weekly intake of alcohol in units of go (a traditional Japanese unit of volume equal to 23 g of ethanol), which was converted to grams of ethanol per day. One go equals 180 mL of sake rice wine, 1 bottle (633 mL) of beer, 2 single shots (75 mL) of whisky, or 2 glasses (180 mL) of wine. Persons who reported consuming 0.3 go or more per week were regarded as current drinkers. 9 -13 Former drinkers were defined as abstainers for the past 3 months and longer. Former drinkers and current drinkers were classified as drinkers. Persons who smoked Ն1 cigarette per day were defined as current smokers. Diabetes mellitus was defined as a fasting glucose level of Ն7.8mmol/L, a nonfasting glucose level of Ն11.1 mmol/ L, and/or use of medication for diabetes.
End Point Determination
Assessments of medical history, incidence survey, and deaths were conducted once a year during the follow-up-time. Stroke incidence was ascertained by using 6 overlapping sources: national insurance claims, reports by local physicians, ambulance records, death certificates, reports by public health nurses and health volunteers, and cardiovascular risk surveys. 14, 15 Cases with stroke as underlying cause of death (International Classification of Disease, Ninth Revision, codes 430 -438) were selected from death certificates. To confirm diagnosis of stroke, all living patients were visited or asked to complete risk factor surveys. Physicians participating in this study obtained a medical history and a history of neurological examinations from stroke patients. For deaths, histories were obtained from the families and medical records were reviewed.
Stroke was defined as a focal neurological disorder with rapid onset and persisting for at least 24 hours or until death. Based on this clinical definition, the incidence of stroke was determined by a panel of 3 to 4 physicians participating in the study who were blinded to the data from the risk factor survey. The determination of stroke subtypes (ischemic stroke, intraparenchymal hemorrhage, and subarachnoid hemorrhage) was conducted primarily by means of computed tomography and magnetic resonance imaging using a standard procedure. Films were available for 93.0% of stroke cases. Stroke cases that were diagnosed clinically and yet showed no lesion were classified according to clinical criteria based on those established by Millikan. 16 
Statistical Analysis
Because the prevalence of classical cardiovascular risk factors, such as status of smoking and drinking, were different between men and women, sex-specific analyses were performed in the present study as in previous studies. 17 Differences in age-and community-adjusted mean values or prevalence of potential confounding factors at baseline according to GFR levels and between participants with CKD and without CKD were calculated using ANOVA or logistic regression models. We also analyzed the data after stratification by drinking status. Hazard ratios (HR) and 95% CI of incidence of stroke and its subtypes associated with GFR levels and CKD were calculated using Cox proportional hazard regression models. We tested proportionality by evaluating the interaction between CKD and time for stroke incidence and found no violation in the proportional hazard assumption. In addition, subjects were stratified by drinking status (never drinker, ever drinker) because drinking has a differential effect on risks of hemorrhagic and ischemic stroke. 18 Adjustments for confounding factors were made in 2 ways. First, we adjusted only for age and community. Second, we included other possible confounding factors, such as family history of stroke (yes or no), systolic blood pressure (mm Hg), antihypertensive agent use (yes or no), smoking status (never smoker, former smoker, current smoker), alcohol consumption (never drinker, former drinker, current drinker [Ͻ23g/wk, 23-46g/wk, 46 -69g/wk, Ͼ69g/wk, respectively]), serum total cholesterol (mg/dL), diabetes status (yes or no), body mass index (kg/m 2 ), and menopausal status for women (pre or post).
All statistical analyses were performed using SAS (version 9.1, SAS Inc). All probability values for statistical tests were 2-tailed, and values of Ͻ0.05 were regarded as statistically significant.
Results
Of 4569 men and 7211 women, 566 suffered incident strokes during the 17-year follow-up period: 304 total, 192 ischemic, 78 hemorrhagic, and 34 unclassified strokes for men, and 262 total, 135 ischemic, 108 hemorrhagic, and 19 unclassified for women. The proportions of current-, former-, and never drinkers were, respectively, 72.6%, 5.9%, and 21.5% for men, and 10.4%, 1.3% and 88.3% for women. Table 1 shows sex-specific baseline characteristics by category of GFR levels (Ͻ60, 60 -89, and Ն90). Diastolic blood pressure, antihypertensive medication use, body mass index, and total cholesterol were inversely associated with GFR levels for both men and women, whereas prevalence rates of current smokers and current drinkers were positively associated with GFR levels for men. Systolic blood pressure was inversely associated with GFR levels for men, but not for women. Table 2 shows sex-specific age-and community-adjusted and multivariate-adjusted HRs of total stroke and stroke subtypes for men and women. There were inverse associations between GFR and risks of total and stroke subtypes for men and women in both age-and community-adjusted and multivariate-adjusted models. Compared with the non-CKD reference group, participants with CKD showed higher risk of total and hemorrhagic stroke for men and of ischemic stroke for women.
Figure shows the number of cases per 1000-person-years for incidence of total, ischemic, and hemorrhagic strokes for participants with and without CKD, stratified by sex and drinking status. Compared with participants without CKD, those with CKD had higher incidence of ischemic and hemorrhagic strokes, independent of sex and drinking status, except for hemorrhagic stroke among never drinkers.
In the overall fully-adjusted model including sex except for drinking status, HRs for sex of men were 2.80 (95% CI, by drinking status, HRs for men were not significant for ischemic stroke among either never drinkers or ever drinkers: 1.14 (95% CI, 0.72-1.82) and 2.16 (95% CI, 0.64 -7.27), respectively.
For never-drinking men and women, CKD showed a positive association primarily with risk of ischemic stroke, but not with hemorrhagic stroke; however, a positive association was observed with hemorrhagic stroke for ever-drinking Multivariate-adjusted HR was further adjusted for family history of stroke, body mass index, systolic blood pressure, antihypertensive medication use, smoking, alcohol consumption, serum total cholesterol, diabetes mellitus, and for women, menopausal status.
HR indicates hazard ratio; GFR, glomerular filtration rate; CKD, chronic kidney disease.
men and women (Table 3) . Multivariate-adjusted HRs of ischemic stroke for CKD among never drinkers were 2.81 (95% CI, 1.28 -6.17) for men and 1.68 (95% CI, 1.12-2.53) for women, whereas corresponding HRs of hemorrhagic stroke among ever drinkers were 4.18 (95% CI, 2.31-7.57) for men and 7.00 (95% CI, 1.92-25.56) for women. For former drinkers, the number of stroke cases limited the statistical power of analysis. Although the number of former drinkers among men were limited (270 at risk and 17 cases), the associations between CKD and stroke subtypes for former drinkers were essentially same as for current drinkers. For women, we could not analyze the association for former drinkers, because the number of cases was only 2. Among former-drinking men, multivariate HRs of ischemic and hemorrhagic strokes were 0.38 (95% CI, 0.05-3.20) and 7.92 (95% CI, 0.40 -158.0), respectively. When we excluded participants with arterial fibrillation (36 men; 21 women) from the analysis, the results did not change materially; the multivariate-adjusted HRs of ischemic stroke for never drinkers were 2.81 (95% CI, 1.28 -6.18) for men and 1.68 (95% CI, 1.10 -2.56) for women, whereas adjusted HRs of hemorrhagic stroke for drinkers were 4.19 (95% CI, 2.31-7.58) for men and for 7.27 (95% CI, 1.97-26.80) for women.
Discussion
Major findings of the present study were that CKD appeared to be associated with risk of total stroke, especially of hemorrhagic stroke for men and of ischemic stroke for women, after adjustment for cardiovascular risk factors, and after exclusion of persons with arterial fibrillation.
In the study presented here, the prevalence of ever drinkers was high among men (78.5%) and low among women (11.7%). Also, the association between CKD and hemorrhagic stroke was more evident for ever drinkers, whereas the association between CKD and ischemic stroke was more evident for never-drinkers. The sex difference in the prevalence of ever drinkers may explain the sex difference in the associations between CKD and stroke subtypes, in that CKD was associated with risk of hemorrhagic stroke for men and of ischemic stroke for women. However, the sex difference does not solely explain these relationships, which maintains the significant association between CKD and ischemic stroke after adjustment for drinking status.
The mechanisms underlying the associations between CKD and stroke subtypes have not been clearly elucidated. Endothelial dysfunction has been recognized as 1 of the initial mechanisms, and leads to glomerular injury 19 and atherosclerosis, which demonstrates an important link be- tween CKD and elevated risk of cardiovascular events. 20 In addition, CKD correlates with arteriosclerosis in kidney and brain. 21 Atherosclerosis is a basic pathological factor for atherothrombotic brain infarction, whereas arteriosclerosis is for intraparenchymal hemorrhage. 22 Furthermore, light-tomoderate alcohol consumption is associated with reduced risk of ischemic stroke, but heavy alcohol consumption was associated with increased risk of hemorrhagic stroke. 18 These associations can be explained by alcohol-induced reduction of platelet aggregation 23 and plasma fibrinogen levels, 24 as well as enhancement of fibrinolysis, 25 which is counterbalanced by high blood pressure. 26 Those mechanisms may explain why CKD is a risk factor for ischemic stroke among never drinkers.
In contrast, heavy alcohol drinking increases not only blood pressure levels, but also blood pressure variability including the morning surge, 27 which increases risk of hemorrhagic stroke. 28 Therefore, the association between CKD and hemorrhagic stroke may be stronger among drinkers.
Potential limitations of this study warrant mentioning. For analysis of the association between GFR and stroke incidence, we used a single assessment of serum creatinine at baseline, which is prone to misclassification as usual serum creatinine, depending on the individual. However, other previous cohort studies also used a single measurement of creatinine and showed significant associations between CKD and risk of stroke. [1] [2] [3] [4] [5] [6] Although a significant association between CKD and hemorrhagic stroke was observed among female ever drinkers, the estimate of HR showed a wide confidence interval because of the small number of incident cases. Additional investigation of a cohort with a larger number of drinking women is necessary to validate our findings. In this study, rates of participation in CIRCS were higher for women than men because men tend to receive health check-ups under industrial health plans. However, the sex distribution of our study (61.2%) was not so different from that of other community-based studies such as the Rotterdam study (61.3%) 2 ; the Hisayama study (57.9%) 3 ; and the Nippon Data, a national sample study (59.0%). 29 Multivariate-adjusted HR was adjusted further for family history of stroke, body mass index, systolic blood pressure, antihypertensive medication use, smoking, alcohol consumption, serum total cholesterol, diabetes mellitus, and for women, menopausal status.
HR indicates hazard ratio; CI, confidence interval; CKD, chronic kidney disease.
In conclusion, CKD was found to be associated with an increased risk of stroke, especially hemorrhagic stroke for men and ischemic stroke for women, in general Japanese populations. Sex difference in the relationship between CKD and stroke subtypes was confounded by drinking status.
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